(SH) and disulfide (SS) contents of soybean US globulin (var. Raiden) were determined by means of Ellman's reagent. The amounts of surface SH, internal SH, and SS bonds of US globulin (not lyophilized) were 10.3, 4.6, and 17 mol/mol protein, respectively. On the other hand, when the US globulin was lyophilized, the surface and internal SH diminished to 5 and 3.6 mol/mol protein, respectively, and the SS bonds increased to 20. 1 mol/mol protein. The result from sodium dodecyl sulfate polyacrylamide gel electrophoresis suggested the possibility that the newly formed SS bonds probably existed in each constituent subunit of US globulin and/or between the intermediary subunits which exist by nature. Differences and similarities between our result and those obtained by various workers were also discussed.
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Eleven S globulin is the major storage protein of soybean seeds and has intermediary subunits (IS; MW58,000-63,000), disulfidebonded acidic (MW 37,000 -45,000) and basic (MW21,000-22,500) subunits, and is composed of6 IS's.1) We have studied the effects of relative humidity on soybean US globulin (var. Raiden), and it was found that SS bonds are closely related to the aggregation oflyophilized US globulin with humidity. 2 Determination of sulfhydryl groups. The method was essentially that described by Ellman.8) One ml of a protein solution (about 0.2% protein concentration) was mixed with 2ml of the phosphate buffer. To this mixture 0.05ml ofDTNB solution (36,9mg ofDTNB dissolved in 10ml of a phosphate buffer with ionic strength 0.1, pH 7.0) was added. In the case of the determination of the sulfhydryl content in the presence of denaturants, 1 ml of a protein solution was mixed with 2ml of the phosphate buffer containing 6 m guanidine hydrochloride. To this solution 0.05ml of DTNBsolution was added. Since the color developed within 5min, the absorbance at 412nmwas measured lOmin later. The absorbance is expressed as SHmol/mol protein, using the molecular extinction coefficient (13,600M/cm) for the calculation. Protein concentration (m) was determined from measurement of absorbance at 280nm, using the value of 8.04 (£l°^m)9) and the molecular weight of 360,000.1} The SH value determined in the absence of the denaturant was defined as the surface SH and that in the presence of the denaturant was defined as the total SH. The SH value after subtracting the surface SH from the total SH was defined as the internal SH.
Determination of disulfide bonds. Two ml of a protein solution (about 0.2% protein concentration) was mixed with 4 ml of the phosphate buffer containing 9 mguanidine hydrochloride. To the mixture, 16mg DTTwas added, and then the protein was completely reduced for 4hr under N2 gas at room temperature. After reduction, the solution was submitted to gel filtration on Sephadex G-25 equilibrated with 0.03 m Tris-HCl buffer (0.01 m EDTA2Na, 0.05% NaN3, 4m guanidine hydrochloride, pH 8.0) to eliminate DTT. The effluentswerecollected in 5ml fractions and the absorbance of each fraction was monitored at 280nm. The fractions containing protein were submitted to SH determination as described above. Half of the value after subtracting the total SH from this obtained value was defined as the SS content. All the glass vessels were washed with 0.001 m EDTA-2Nasolu-tion and then washed with distilled water before determining the SH or SS contents. Table I . Cysteine (0.0129g) was dissolved in 1000ml of the phosphate buffer (1.06x 10~5m). When this cysteine solution was determined with DTNB,the SH content was 1.06x 10~5m in the absence ofguanidine hydrochloride and was 1.05x 10~5m in the presence of guanidine hydrochloride. Further, when BSAwas determined with DTNB,the SH content was 0.57mol/mol protein as surface SH and was 0.6mol/mol protein as total SH, The molecular weight of 66,000 and E\o/°m of 6.6 were used for calculation.13) The SH contents of BSAagreed with the reference.13) From these results, the validity of the determining method was verified. An aliquot of the stock solution was submitted to a gel filtration on Sepharose 4B.
Although 2-MEwas used during the extraction and ammoniumfractionation, 2-MEhad to be completely eliminated before the determination of the SH groups of the US globulin. Fraction number Fig. 1 . Gel Filtration Pattern of Mixture of US Globulin and 2-ME on Sepharose 4B. A column of Sepharose 4B (1.7 x 95cm) was eluted with the phosphate buffer in 3 ml fractions. Eleven S globulin was detected by the absorbance at 280nm and 2-MEat 412nm, reacted with DTNB. A column (Sepharose 4B, 1.7 x 95cm) was eluted with the phosphate buffer in 3 ml fractions. As shown in Fig. 1 , US globulin eluted in fractions 36~53 and 2-ME eluted in fractions 56~65. Thus, 2-ME could be completely removed from the 1 IS globulin. A representative elution pattern of the 1 IS globulin which was prepared from the defatted meals and not lyophilized during the preparation procedure is shown in Fig. 2 . Fractions 41~48 (underlined part, M fraction) were collected. Polyacrylamide gel electrophoretic patterns of the Mfraction are shown in Fig. 3 . In the Davis system, bands of US globulin and 7S globulin were observed (Fig. 3a) . show SDSpolyacrylamide gel electrophoretic patterns in the absence and presence of 2-ME, respectively. In Fig. 3b , an intermediary sub- Electrophoretic patterns of Mfraction (a) and L fraction (b) in Fig. 4 in the Davis system. Electrophoretic patterns of the Mfraction in the SDS system without 2-ME(c), with 2-ME (d) and L fraction without 2-ME (e). (-ME) and Fig. 5d (+ME) and were the same as those of Fig. 3b and c. Fig. 5e shows the electrophoretic pattern of the L fraction. IS and acidic subunits (mainly Ax~A3) bands were observed. The SH contents of the M fraction (US globulin) were 5.0mol/mol protein as surface SH, 3.6mol/mol protein as internal SH, and 8.6mol/mol protein as total SH.
SS Contents
Before determining the SS content of the US globulin, the validity of the determining method of SS content was examined with BSA as the standard protein. The results are shown in Table I . The SS content of BSA was 16.8 mol/mol protein and agreed well with the reference. 17)
Determination of the US globulin was carried out. Two ml of the underlined parts in Fig. 2 was completely reduced and the solution was submitted to a gel filtration of Sephadex G-25. As shown in Fig. 6 , DTT could be eliminated from STI (MW 21,500). Since the molecular weights of the subunits of US globulin were 21,000~45,000, DTT could be removed from US globulin subunits with this gel filtration. The SS contents of the US globulin were summarized in Table II (cultivar not shown) has 1.7 SH groups only in the interior region.4) These discrepancies may be due to the differences in preparation methods or cultivars. Furthermore, it may also be that the differences in determination procedures caused these discrepancies. In practice most of the surface SH, however, seemed to exist as SS bonds in a protein body. The SH groups were hard to reoxidize into SS bonds in our preparation method because of the EDTA-2Nacontained in the preparation and determination system, when the SS bonds were once cleaved.
When the US globulin was lyophilized, the surface and internal SH diminished to 5 and 3.6mol/mol protein, respectively. About 2.6 and 0.5mol/mol protein SS bonds were newly formed on the surface and in the interior region, respectively. Differences between Figs. 3b and 5c were almost not observed. The newly formed SS bonds probably existed in each constituent subunit and/or between the intermediary subunits, which exist by nature. When the US globulin was lyophilized, gel filtration study showed that species with low molecular weights (L fraction) were formed (Fig. 4) . SDS polyacrylamide gel electrophoresis showed that IS and acidic subunits (A1~A3) were contained in the L fraction (Fig. 5e) . This showed that a part of the US globulin dissociated into IS and its constituent subunits during lyophilization.
Since the isoelectric points of basic subunits are near the pH value of the phosphate buffer, dissociated basic subunits were probably precipitated and not observed in SDSpolyacrylamide gel elec-trophoresis. The reason why the A4 subunit was observed to such a small extent is not known yet. Figures 3a and 5a showed that there are no differences amongthe USglobulins in each underlined part (Figs. 2 and 4) . The SS contents of the US globulin were 17 ( spectively. These values are slightly lower than ours and this difference may be due to preparation procedures and/or cultivars.
